This article provides a novel and efficient method of "self-assembly/modification/dispersion" for the preparation of functionalized cellulose nanoparticles (CNPs) based on regenerated cellulose hydrogel (RCH). The process of the preparation of CNPs is simplified greatly, which contributes to broadening the utilization of CNPs. Under the given conditions, cellulose chains self-assemble into nanoparticles, which connect with each other to form strings and walls of nanoparticles inside RCH. Then, RCH acts as the hydrophilic precursor of the preparation of CNPs and is modified by oligo side chains to obtain functionalized RCH with imperfect cellulose II structures. After dispersing the functionalized RCH in dimethyl sulfoxide, individual CNPs are finally isolated from functionalized RCH as a result of the decline of the crystallinity of CNPs. Obtained CNPs possess uniform size and good thermal stability, and also exhibit excellent dispersibility in organic solvents. The particle size of CNPs can be adjusted easily by oligo content and particle size of the self-assembled cellulose nanoparticles in RCH. Prepared CNPs are promising candidates for polymer modification in terms of fillers, and for biomedical fields with respect to drug delivery. A novel and efficient method for the preparation of functionalized cellulose nanoparticles based on regenerated cellulose hydrogel is reported in this article. This approach contains no acid hydrolysis, no solvent exchange for the functionalization, and simplifies the preparation of functionalized cellulose nanoparticles to a certain extent. Obtained functionalized cellulose nanoparticles possess excellent properties.
memory mechanism of CPUs are investigated by Fourier transform infrared spectroscopy, differential scanning calorimetry, and dynamic mechanical analysis tests. The crosslinker endows the fixed phase enough crosslinking and inserts in the hard segments to give the fixed phase certain elasticity. The elastic hard segments make them form more hydrogen bonds with soft segments during shape deformation. The low-molecular-weight poly (?-caprolactone) offers the samples a shape-memory transition temperature at around 37 °C, which is suitable for implant devices in vivo. This work expands CPUs with an elastic crosslinking structure as potential candidates for implant biomaterials. Since the post-crosslinking polymerization is facile, it can be convenient for industrial production. In this work, a series of shape-memory polyurethanes are synthesized by post-crosslinking in hard-segment domains using a flexible and biodegradable crosslinker. The crosslinked polyurethanes show good mechanical properties, excellent shape-memory property, and repeatability. The shape-memory transition temperature of the samples is around 37 °C, which is suitable for implant devices in vivo.
Design and Synthesis of PET-Based Copolyesters with Flame-Retardant and Antidripping Performance
Poly(ethylene terephthalate) (PET) is a fiber-forming polymer with the largest output and widest usage. Its flame retardation is well-achieved via a mechanism of promoting the melt dripping while ignited. However, the melt dripping leads to secondary damage and an immediate empyrosis during fire. How to address the contradiction between the flame retardation and the melt-dripping behavior of PET via an inherent flame-retardant approach becomes a real challenge. This feature article highlights the design and synthesis of novel PET-based copolyesters with flame-retardant and antidripping performance. Three approaches are used to design these copolyesters: "ionic aggregation," "smart self-cross-linking," and "rearrangement at high temperatures." Some new conceptions are proposed accordingly. The synthesis, structure characterization, and properties of those copolyesters are discussed together with the ongoing challenges and limitations at this frontier. A contradiction between the flammability and melt-dripping problems for poly(ethylene terephthalate) (PET)-based copolyesters has puzzled the flame-retardant field for many years. Traditional, inherently flame-retardant technologies of PET cannot resolve its melt-dripping problem. In this feature article, how to design and synthesize novel PET-based copolyesters with flame-retardant and antidripping performance is highlighted and discussed.
Self-Healing Sensors Based on Dual Noncovalent Network Elastomer for Human Motion Monitoring
Nowadays, it is still a challenge to prepare flexible sensors with great mechanical strength, stretchability, high sensitivities, and excellent self-healing (SH) abilities. Herein, a nanostructured supramolecular elastomer is reported with a dual noncovalent network of hydrogen bonding interactions and metal-ligand coordination. The resultant flexible sensor presents ultrafast (30 s), autonomous, and repeatable SH ability with high healing efficiency (80% after the 3rd healing process), as well as enhanced mechanical properties. Benefitting from the 3D conductive network, the sensor exhibits high electrical sensitivity and very low detection limit (0.2% strain). As a result, the flexible sensor is capable of precisely monitoring small strains of human motions (such as vocal-cord vibration), and exhibits reproducible and recognizable current signals after cutting-healing process. The dual noncovalent network design proposed here opens up a new opportunity for scalable fabrication of high performance SH sensors and other electronic devices. A self-healing sensor with dual noncovalent network design is prepared. Due to the supramolecular dual network design of hydrogen bonding interactions and metal-ligand coordination, the sensor exhibits ultrafast and repeatable self-healing ability with enhanced mechanical strength and stretchability. Benefitting from 3D conductive network construction, it also possesses high sensitivity for various small strains of human motion detections.
Ab-Initio-Based Kinetic Modeling to Understand RAFT Exchange: The Case of 2-Cyano-2-Propyl Dodecyl Trithiocarbonate and Styrene Ab-initio-calculated rate coefficients for addition and fragmentation in reversible-addition fragmentation chain transfer (RAFT) polymerization of styrene with 2-cyano-2-propyl dodecyl trithiocarbonate initiated by azobisisobutyronitrile allow the reliable simulation of the experimentally observed conversion, number average chain length, and dispersity. The rate coefficient for addition of a macroradical Ri to the macroRAFT agent RiX at 333 K (6.8 104 L mol−1 s−1) is significantly lower than to the initial RAFT agent R0X (3.2 106 L mol−1 s−1), mainly due to a difference in activation energy (15.4 vs 3.0 kJ mol−1), which causes the dispersity to spike in the beginning of the polymerization. Ab-initiobased kinetic modeling of reversible-addition fragmentation chain transfer (RAFT) polymerization of styrene using 2-cyano-2-propyl dodecyl trithiocarbonate reveals that the addition of the macroradical Ri to the macroRAFT agent RiX is slower than to the original RAFT agent, R0X. This causes the dispersity to spike in the beginning of the polymerization.
One-Pot Synthesis of Thermoresponsive Amyloidogenic Peptide-Polymer Conjugates via Thio-Bromo "Click" Reaction of RAFT Polymers A synthetic strategy to efficiently prepare main-chain peptide-polymer conjugates probing their aggregation in solution is described. An in situ tandem reaction based on aminolysis/thio-bromo "click" reaction is performed to tether an amyloidogenic peptide fragment amyloid-?17-20 (Leu-Val-Phe-Phe (LVFF)) to the ?-chain end of poly(diethylene glycol methyl ether acrylate) (PDEGA), prepared via reversible addition fragmentation chain transfer polymerization. Structural confirmation of the constructed conjugates PDEGA-LVFF (Mn,SEC = 5600, Ð = 1.21), (Mn,SEC = 7600, Ð = 1.16), and (Mn,SEC = 8900, Ð = 1.15) is successfully made by combined studies of 1H NMR, size-exclusion chromatography, matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) mass spectrometry, and electrospray ionization time-of-flight (ESI-TOF) mass spectrometry. The effect of the peptidic constituent on the thermoresponsive behavior of the polymer is examined by UV-vis spectroscopy, and the self-assembly behavior of the amphiphilic conjugate is further exploited, exhibiting micellar morphology in aqueous solution. The synthesis of amyloid-?17-20 peptide-based polymeric conjugate is documented via efficient in situ tandem reactions of aminolysis/thio-bromo "click" reaction for reversible addition fragmentation chain transfer polymers, exhibiting thermoresponsiveness and micelle formation.
Tailored Modification of Thioacrylates in a Versatile, Sequence-Defined Procedure
A strategy for the synthesis of sequence-defined oligomers using a selective side-group insertion approach making use of thiophenol-catalyzed amidation reactions is herein reported. In this context, a new thiolactone-based, multistep, iterative protocol is designed, utilizing thioacrylates in combination with solid-phase synthesis for step-by-step growth, resulting in sequence-defined oligomers. Sequence definition and structure variation are introduced by substituting the thioacrylate side groups with a wide variety of amines. The step-by-step growth of the oligomers is followed by liquid chromatography-mass spectrometry and high-resolution mass spectroscopy to determine both conversion and purity. A thiolactone-based synthesis is introduced that enables macromolecular precision synthesis, leading to complete control over the sequence order with total monodispersity. Incorporated thioacrylate functionalities facilitate side-group insertion by amidation using primary amines.
Benzothiadiazole Versus Thiophene: Influence of the Auxiliary Acceptor on the Photovoltaic Properties of Donor-Acceptor-Based Copolymers
Two donor-acceptor (D-A) type conjugated copolymers, P1 and P2, are designed and synthesized. A classical benzothiadiazole acceptor is used to replace a thiophene unit in the polymer chain of P1 to obtain P2 terpolymer. Compared with P1, P2 exhibits broader absorption spectra, higher absorption coefficient, deeper lowest unoccupied molecular orbital level, and a relatively lower band gap. As a result, the P2-based solar cell exhibits a high power conversion efficiency (PCE) of 6.60%, with a shortcircuit current (J sc) of 12.43 mA cm−2, and a fill factor (FF) of 73.1%, which are higher than those of the P1-based device with a PCE of 4.70%, a J sc of 9.43 mA cm−2, and an FF of 61.6%. A classical benzothiadiazole acceptor unit is introduced to replace a thiophene unit in polymer backbone of P1 to achieve P2. P2 exhibits a power conversion efficiency of 6.60%, which is higher than that of P1, indicating that incorporating an additional electron-withdrawing unit to a traditional donor-acceptor (D-A) polymer is a promising synthetic strategy for developing high-performance photovoltaic polymers.
Optothermally Reversible Carbon Nanotube-DNA Supramolecular Hybrid Hydrogels Supramolecular hydrogels (SMHs) are three-dimensional constructs wherein the majority of the volume is occupied by water. Since the bonding forces between the components of SMHs are noncovalent, SMH properties are often tunable, stimuli-responsive, and reversible, which enables applications including triggered drug release, sensing, and tissue engineering. Meanwhile, single-walled carbon nanotubes (SWCNTs) possess superlative electrical and thermal conductivities, high mechanical strength, and strong optical absorption at near-infrared wavelengths that have the potential to add unique functionality to SMHs. However, SWCNT-based SMHs have thus far not realized the potential of the optical properties of SWCNTs to enable reversible response to near-infrared irradiation. Here, we present a novel SMH architecture comprised solely of DNA and SWCNTs, wherein noncovalent interactions provide structural integrity without compromising the intrinsic properties of SWCNTs. The mechanical properties of these SMHs are readily tuned by varying the relative concentrations of DNA and SWCNTs, which varies the cross-linking density as shown by molecular dynamics simulations. Moreover, the SMH gelation transition is fully reversible and can be triggered by a change in temperature or near-infrared irradiation. This work explores a new regime for SMHs with potential utility for a range of applications including sensors, actuators, responsive substrates, and 3D printing. A novel supramolecular hydrogel comprised only of single-walled carbon nanotubes and DNA is synthesized and shown to have tunable mechanical properties and optothermal reversibility. The underlying physical mechanisms of the gel are modeled and explained by molecular dynamics simulations. This supramolecular hydrogel architecture is useful for a range of applications including sensors, actuators, responsive substrates, and 3D printing.
Simple Preparation of Thiol-Ene Particles in Glycerol and Surface Functionalization by Thiol-Ene Chemistry (TEC) and Surface Chain Transfer Free Radical Polymerization (SCT-FRP)
Thiol-ene (TE)-based polymer particles are traditionally prepared via emulsion polymerization in water (using surfactants, stabilizers, and cosolvents). Here, a green and simple alternative is presented with excellent control over particle size, while avoiding the addition of stabilizers. Glycerol is applied as a dispersing medium for the preparation of off-stoichiometric TE microparticles, where sizes in the range of 40-400 µm are obtained solely by changing the mixing speed of the emulsions prior to crosslinking. Control over surface chemistry is achieved by surface functionalization of excess thiol groups via photochemical thiol-ene chemistry resulting in a functional monolayer. In addition, surface chain transfer free radical polymerization is used for the first time to introduce a thicker polymer layer on the particle surface. The application potential of the system is demonstrated by using functional particles as adsorbent for metal ions and as a support for immobilized enzymes. A simple and fast process for the preparation of off-stoichiometric thiol-ene particles in glycerol without stabilizers or cosolvents is demonstrated. Particle sizes are controlled solely by changing mixing speeds. Versatile surface modification via thiol-ene chemistry or surface chain transfer free radical polymerization demonstrates the introduction of various functional groups and selectively changes the extent of grafting thickness.
Aqueous PCDTBT:PC71BM Photovoltaic Inks Made by Nanoprecipitation
The fabrication of organic solar cells from aqueous dispersions of photoactive nanoparticles has recently attracted the interest of the photovoltaic community, since these dispersions offer an ecofriendly solution for the fabrication of solar cells, avoiding the use of toxic solvents. In this work, aqueous dispersions of pure poly[n-9?-heptadecanyl-2,7-carbazole-alt-5,5-(4?,7?-di-2-thienyl-2?,1?,3?-benzothiadiazole)] (PCDTBT) and [6,6]-phenyl-C71-butyric acid methyl ester (PC71BM) nanoparticles, as well as of composite PC71BM:PCDTBT nanoparticles, are prepared using the nanoprecipitation postpolymerization method. These dispersions are subsequently used to form the active layer of organic photovoltaic cells. Thin films of PC71BM and PCDTBT are obtained by spray deposition of the nanoparticles' dispersions, and are characterized using a combination of spectroscopic and microscopic techniques. Photovoltaics that incorporate these active layers are fabricated thereafter. The impact of the annealing temperature and of the composition of the active layer on the efficiency of the solar cells is studied. PCDTBT:PC71BM composite particles are prepared in water by a postpolymerization process, the nanoprecipitation. The particle size is tuned by playing with different parameters and are used to create the active layer of organic photovoltaic cells by spray-coating. After optimized annealing temperature, the impact of the active layer's composition on the efficiency of solar cells is studied.
Effective Acetylene/Ethylene Separation at Ambient Conditions by a Pigment-Based CovalentTriazine Framework
A novel covalent-triazine framework (CTF-PO71) is designed and prepared from an organic pigment molecule for high-performance gas separation. The functional sites with different electrostatic potentials on the pore surface of CTF-PO71 demonstrate a strong interaction between C2H2 and CTF-PO71 to achieve preferential adsorption of C2H2 over C2H4, thus enabling effective capture of a trace amount of C2H2 from the gas mixture. This is the first organic porous polymer that is capable of separating C2H2 and C2H4. The commercial availability and the low cost of the pigment as well as the high stability of the resultant framework endow CTF-PO71 with a significant potential for practical applications. A novel covalent-triazine framework is synthesized from a commercially available, highperformance organic pigment, which possesses hierarchical pore structure and abundant surface properties. The prepared porous polymer shows the potential for the ethylene (C2H4) purification through selective adsorption acetylene (C2H2) from the feed gas.
A New Polymer Electron Acceptor Based on Thiophene-S,S-dioxide Unit for Organic Photovoltaics
For polymer solar cells (PSCs), efficient polymer electron acceptors are always based on strong electronwithdrawing imide unit or boron-nitrogen coordinative bond (BN). In this paper, a new polymer electron acceptor based on thiophene-S,S-dioxide (TDO) unit is reported. The polymer electron acceptor, PBDT-TDO, consists of alternating TDO unit and 4,8-bis(alkylthienyl)-2-yl]benzo[1,2-b:4,5-b?]dithiophene (BDT) unit. For comparison, a control polymer with alternating BDT unit and thiophene unit has also been synthesized. Replacing thiophene unit with TDO unit in the polymer backbone leads to large downshift of lowest unoccupied molecular orbital/ highest occupied molecular orbital energy levels by 0.9 eV/0.4 eV, which is attributed to the dearomatization and electron deficiency of TDO unit. The replacement also leads to redshift of absorption spectra by ≈110 nm. PSC device with PBDT-TDO as the electron acceptor shows photovoltaic response with the preliminary power conversion efficiency of 0.64%. This work suggests a new approach to design polymer electron acceptors using the TDO unit. Replacement of the thiophene unit with thiophene-S,S-dioxide unit in the conjugated polymer backbone leads to downshift of lowest unoccupied molecular orbital/highest occupied molecular orbital energy levels by 0.91 eV/0.42 eV, respectively, and consequently transforms a typical polymer electron donor to electron acceptor.
Zinc-Catalyzed Hydrosilylation Copolymerization of Aromatic Dialdehydes with Diphenylsilane
The hydrosilylation reaction of diphenylsilane and phthalaldehyde is catalyzed by heteroscorpionate zinc hydride complex LZnH (1, L = (MePz)2CP(Ph)2NPh, MePz = 3,5-dimethylpyrazolyl). Both terephthalaldehyde (tPAA) and isophthalaldehyde (iPAA) affords linear polymer; however, when PAA is used, a seven-membered cyclic silyl ether is formed. These products are characterized by 1H and 13C NMR spectra. Other properties of polymers are determined by gel permeation chromatography (GPC)-multiangle laser-light scattering, differential scanning calorimetry, and thermogravimetry. The hydrosilylations of phthalaldehyde, terephthalaldehyde, and isophthalaldehyde with diphenylsilane are catalyzed by heteroscorpionate zinc hydride complex LZnH to afford cyclic compound or linear polymer, respectively. These polymerizations are followed by a new "transfer-propagation" mechanism.
Conjugated Polymers Via Direct Arylation Polymerization in Continuous Flow: Minimizing the Cost and Batch-to-Batch Variations for High-Throughput Energy Conversion
Continuous flow methods are utilized in conjunction with direct arylation polymerization (DArP) for the scaled synthesis of the roll-to-roll compatible polymer, poly[(2,5-bis(2-hexyldecyloxy)phenylene)-alt-(4,7-di(thiophen-2-yl)-benzo[c][1,2,5]thiadiazole)] (PPDTBT). PPDTBT is based on simple, inexpensive, and scalable monomers using thienyl-flanked benzothiadiazole as the acceptor, which is the first ?-unprotected substrate to be used in continuous flow via DArP, enabling critical evaluation of the suitability of this emerging synthetic method for minimizing defects and for the scaled synthesis of high-performance materials. To demonstrate the usefulness of the method, DArP-prepared PPDTBT via continuous flow synthesis is employed for the preparation of indium tin oxide (ITO)-free and flexible roll-coated solar cells to achieve a power conversion efficiency of 3.5% for 1 cm2 devices, which is comparable to the performance of PPDTBT polymerized through Stille cross coupling. These efforts demonstrate the distinct advantages of the continuous flow protocol with DArP avoiding use of toxic tin chemicals, reducing the associated costs of polymer upscaling, and minimizing batch-to-batch variations for high-quality material. Continuous flow methods are utilized in conjunction with direct arylation polymerization (DArP) for the scaled synthesis of a semiconducting polymer. The polymer is based on simple thienyl-flanked benzothiadiazole as the acceptor, which is the first ?-unprotected substrate to be used in continuous flow via DArP, demonstrating the suitability of this emerging synthetic method for scaled polymer synthesis.
Monomer Protonation-Dependent Surface Polymerization to Achieve One-Step Grafting CrossLinked Poly(4-Vinylpyridine) Onto Core-Shell Fe3O4@SiO2 Nanoparticles Functional polymer-grafting silica nanoparticles hold great promise in diverse applications such as molecule recognition, drug delivery, and heterogeneous catalysis due to high density and uniform distribution of functional groups and their tunable spatial distance. However, conventional grafting methods from monomers mainly consist of one or more extra surface modification steps and a subsequent surface polymerization step. A monomer protonation-dependent surface polymerization strategy is proposed to achieve one-step uniform surface grafting of cross-linked poly(4-vinylpyridine) (P4VP) onto core-shell Fe3O4@SiO2 nanostructures. At an approximate pH, partially protonated 4VP sites in aqueous solution can be strongly adsorbed onto deprotonated silanol groups (SiO−) onto Fe3O4@SiO2 nanospheres to ensure prior polymerization of these protonated 4VP sites exclusively onto Fe3O4@SiO2 nanoparticles and subsequent polymerization of other 4VP and divinylbenzene monomers harvested by these protonated 4VP monomers onto Fe3O4@SiO2 nanoparticles, thereby achieving direct grafting of cross-linked P4VP macromolecules onto Fe3O4@SiO2 nanoparticles. A monomer protonation-dependent surface polymerization strategy is proposed to achieve one-step grafting of cross-linked poly(4-vinylpyridine) onto core-shell Fe3O4@SiO2 nanostructures. At an approximate pH, partially protonated 4-vinylpyridine sites in aqueous solution can be strongly adsorbed onto deprotonated silanol groups (SiO−) onto Fe3O4@SiO2 nanospheres to ensure direct grafting of crosslinked P4VP macromolecules without any extra surface modification.
Polydopamine Particles Reinforced Poly(vinyl alcohol) Hydrogel with NIR Light Triggered Shape Memory and Self-Healing Capability This study focuses on developing a facile approach to prepare biocompatible poly(vinyl alcohol) (PVA) composite hydrogels containing polydopamine particles (PDAPs) with ultrafast near-infrared (NIR) light-triggered shape memory and self-healing capability. The PVA-PDAPs composite hydrogels with excellent mechanical properties can be achieved after freezing/thawing treatment, and the formation of physically cross-linked networks from the hydrogen bonding (H-bonding) between PVA and PDAPs. Due to the excellent photothermal effect of polydopamine, the composited hydrogel can achieve rapid shape recovery and efficient self-healing properties under NIR light exposure in a short time. With the excellent shape memory performance, good biocompatibility, and self-healing property, this hydrogel should have great potential in biomedical fields such as tissue engineering, arthrodial cartilage, and artificial skin. The polydopamine particles (PDAPs) composite hydrogels with excellent mechanical properties can be achieved by freezing/thawing treatment, and the formation of physically cross-linked networks from the hydrogen bonding between poly(vinyl alcohol) and PDAPs. Due to the excellent photothermal effect of PDAPs, the composited hydrogels possess rapid shape recovery and efficient selfhealing properties under near-infrared light exposure in a short time.
Recent Progress on the Confinement, Assembly, and Relaxation of Inorganic Functional Fillers in Polymer Matrix during Processing
Functional polymer composites have gained extensive interest due to their wide range of applications. Various functionalities are mainly provided by functional fillers and their networks in polymer matrix. Therefore, morphology control on filler network has important influence on the final functionalities. The confinement, assembly, and relaxation of inorganic functional fillers in polymers are thought as the basic issues related to such control. Processing as the means to achieve the desired shape and properties for materials often involves strong temperature and shear field, among other factors-not to mention the complex interaction between polymer and filler. These processing fields and interactions during processing are reported to have profound influence on the confinement, assembly, and relaxation of inorganic fillers in polymer matrix. Therefore, various functionalities could be significantly affected by processing. This paper is a review of recent developments in this area. Processing has a profound influence on the confinement, assembly, and relaxation of functional inorganic fillers in polymer matrix. Therefore, various functionalities can be effectively altered by morphological control during processing. Recently, tremendous development has been reported in this area. A systematic review on this subject is carried out to stimulate greater progress on both fundamental issues as well as applications.
Telechelic Polybutadienes or Polyisoprenes Precursors for Recyclable Elastomeric Networks
(Bis)furan-telechelic, low-molar-mass polybutadienes and polyisoprenes are synthesized by controlled degradation of high molar mass polymers and chain-end modifications yielding difunctional, trifunctional, or tetrafunctional polymers. Addition of a bismaleimide to the liquid-modified polymer leads to the formation of a thermoreversible elastomeric network based on the Diels-Alder chemistry for the trifunctional or tetrafunctional polymers, whereas only chain extension occurs for the bifunctional one. Dynamic mechanical analyses or tensile tests are performed on the networks and reveal a similar behavior for polyisoprene and polybutadiene with nevertheless quite different Young modulus or strain at break. The retro Diels-Alder reaction occurs upon heating, allowing the remolding of the used elastomer. The remolded network exhibits the same mechanical properties as the initial network, showing an efficient material recyclability. Well-defined telechelic thermo-recyclable elastomeric networks (based on the Diels-Alder chemistry) are prepared. In this respect, easily processable furan-telechelic, low-molar-mass polybutadienes or polyisoprenes are reacted with bismaleimide. Mechanical analyses show a similar behavior for polyisoprene and polybutadiene networks, with nevertheless quite different Young modulus or strain at break without properties loss after recycling.
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